Abstract:This retrospective study aims to identify and describe the problems associated with the laboratory and clinical diagnosis of leptospirosis. A total of 4,813 patients with suspected leptospirosis from an area of the Czech Republic, with a total population of 1.15 million, were examined during the period 2002-2010. Our study included only 855 patients: 545 men (mean age 41.03 ± 19.24) and 310 women (mean age 41.47 ± 20.3) who were examined using microscopic agglutination test (MAT) and a polymerase chain reaction (PCR). All patients and their physicians filled in questionnaires, which included anamnestic data, clinical symptoms and the results of laboratory tests. Out of total suspected, 89 patients (1.85%), tested positive for leptospirosis, of which 50 have been examined only serologically by MAT. Of 855 patients in our study undergoing both PCR and MAT tests, 39 have tested positive for leptospirosis. The most frequent symptom in patients with leptospirosis included fever (91.6%) and headache (69.4%). The correct laboratory diagnosis of leptospirosis depends on biological material being tested before the start of antibiotic treatment, since leptospires are extremely sensitive to antibiotics. Consequently, the PCR results alone may produce a false negative result after 24 hours following treatment with antibiotics.
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Introduction
Leptospirosis is one of world's most common zoonosis, with an incidence of approximately 0.1 -100 per 100,000 in populations. It appears in all climatic zones, with a significantly higher occurrence in tropical and subtropical countries, in both towns and villages [1] [2] [3] [4] . The etiologic agent is a spirochete of the genus Leptospira, which includes nearly 300 pathogenic serovars. The sources of infection in humans are usually water and damp substrates contaminated with the urine of reservoir animals, particularly rodents. Not only floods and other natural disasters, as well as high reproduction rates in rodents, but the intensive development of tourism and the military invasion or occupation of endemic territories are considered to be high risk factors [5] . An increased incidence of the disease is connected with rise in urban population, ineffective waste disposal and the more frequent occurrence of unusual climatic events (e.g. heavy rain), when soil contaminated with rodent urine gets into surface waters [6] . Occupations with particularly high risk include all kinds of agricultural work, and those involving contact with animals (veterinary practitioners, slaughterhouse workers) or contaminated soil and water (cleaners of sewers and tunnels, fishermen, soldiers etc.) [2] . Another group of people at risk are those taking part in water sports and having frequent contact with fresh water, where leptospires can survive for a long time [2, 6, 7] .
It has been suggested that leptospirosis has become one of the most significant health problems in developing countries [8] , with an annual incidence of 500,000 cases and a mortality rate of 10%. However, leptospirosis occurs not only in developing countries but also in Europe, USA and other areas with highly developed health services, where it can also result in death. This disease is quite often misdiagnosed owing to variable and non-specific clinical symptoms in nonendemic areas, poor awareness in many clinical workers, and a low availability of rapid diagnostic tests in many countries.
Fever presents a typical symptom in leptospirosis, although it is necessary to recognize that similar conditions proceed in other infectious diseases like malaria, dengue fever, influenza, or influenza-like diseases. The course of infection is usually biphasic (acute spiremic phase followed by an immune phase with the appearance of specific antibodies within 10-12 days). In Europe, the incidence of leptospirosis is approximately 0.1-2 per 100,000 persons. It is presumed that in reality this number is higher because leptospirosis can be incorrectly diagnosed as other feverish infections [1, 5] . The clinical symptoms of leptospirosis may develop from flu-like symptoms into severe conditions involving bleeding, hepatorenal failure, pulmonary haemorrhage and acute respiratory distress syndrome (Weil's Disease: L. icterohaemorrhagiae). In contrast with conventional dogma, there is a relatively poor correlation between infective serotypes and the severity of clinical symptoms; even L. grippotyphosa may lead to symptoms of Weil´s Disease [9, 10] .
For diagnosis of disease in a clinical laboratory, the most frequently used test is the microscopic agglutination test (MAT) for detection of specific antibodies. Sugathan et al. [11] emphasized that early diagnosis of the disease is necessary for its treatment, and serology-based assays such as MAT and ELISA ought to be considered only as a confirmation. They recommend PCR method in the acute phase, because of direct detection of DNA or the antigens of the pathogenic leptospires, that are usually positive within 2-4 days of infection, while results of the examination of IgM antibodies may still be negative [12] . And conversely, the specific antibodies are usually positive after second week of infection, whereas results based on the antigen assay, bacterial culture and even PCR method can still be negative [13] . Use of leptospirosis assay by PCR method brings another comparative advantage -more reliable diagnosis of aseptic meningitis caused by leptospires in children. Romero et al. found that in a group of 103 patients with meningitis there was significantly higher PCR positivity (39.8%) in comparison with the MAT (8.7%) or ELISA (3.9%) assays [14, 15] .
To make laboratory diagnosis of the infection more rapid and accurate, PCR detection of leptospires in biological materials (blood, urine and liquor) from patients with suspected clinical symptoms was introduced at our institute in 2002.
Aims of this study:
1. To review the value of current laboratory methods for the diagnosis of leptospirosis 2. To find out by means of questionnaires the most frequent clinical symptoms and significant changes in the basic laboratory parameters in patients with leptospirosis in Czech Republic 3. To evaluate PCR results from samples taken before and after the start of effective antibiotic treatment.
Material and methods

Specimen collection
A total of 4,813 patients with suspected leptospirosis from a part of the territory of the Czech Republic with a population of 1,150,000 were examined during the period 2002-2010. All Patients were admitted to the hospital with fever of unknown origin. During diagnostic process they showed symptoms, which lead to suspicion of leptospiral infection and were examined for leptospirosis at our Institute. For list of symptoms see Table 1 . According to the availability of clinical equipment, materials from patients were examined by PCR method, MAT method, or using both methods. From the total number, only patients examined by both methods were included into the retrospective study.
The resulting group contained 2,144 samples from 855 patients, of which 545 were men (mean age 41.03 ± 19.24) and 310 women (mean age 41.47 ± 20.3). MAT was carried out always with 11 strains of pathogenic leptospires, which occur in the territory of the Czech Re-
sorexjalna Sorex jalna) according to the method recommended by WHO [16] . A titre of 1:400 or more was considered to be positive. Pathogenic serovars for humans in the territory of the Czech Republic belong to three genomospecies (L. interrogans, L. borgpetersenii, L. kirschneri); therefore the PCR method was selected for the diagnosis of seven genomospecies of pathogenic leptospires [17] .
PCR method
It is recommended to take samples from patients suspected for leptospirosis prior to or within first 24hrs after starting ATB therapy. Real situation in our study was between 1 -18 days depending on decision of particular physicians. (See Table 3) DNA from plasma with EDTA, urine or cerebrospinal fluid (CSF) were isolated using QIAamp DNA mini kit (QIAGEN, Roche, Czech Republic).
Adjustment of our samples enabled the high limit of detection to 2.5 leptospires in 1 ml of liquid biological material.
Urine samples were required to be processed within 48 hours after sampling and kept at 4°C. Urine samples (10-15 ml) were concentrated by centrifugation for 10 minutes at 2,500 rpm. Supernatant was removed and approximately 1.4 ml of sediment was pipetted into a 1.5 ml test tube and centrifuged for a further 10 minutes at 13,000 rotations, supernatant was removed and the pellet was processed for DNA extraction according to instructions.
Blood plasma and liquor (0.5 -1.5 ml) were centrifuged for 15 minutes at 13,000 rpm, preferably in a Amplification conditions for both reactions were: 94°C 10 minutes; 34× (94°C 45 seconds, 52°C 50 seconds, 72°C 1 minute) with final extension at 94°C, 45 seconds, 52°C 2 minutes, 72°C 20 minutes Detection: after the reactions, PCR products of 285
L. santarosai and L. meyeri) and 353 bp (L. kirschneri)
were visualized on 2% agarose gel stained with ethidium bromide, with use of a size marker (Marker XIV, Roche, Czech Republic).
Questionnaires with the points given in Tables 1 and  2 were sent to all patients diagnosed with leptospirosis who were examined by both methods. All data taken from the samples for examination with PCR and the data of ATB therapy were, after elaborating the questionnaires again, verified by the attending physicians. The informed consent of the patient was part of the questionnaire. From 39 questionnaires that were handed out, we received 36 back (92.3%) i.e. 21 from the persons with PCR negative and MAT positive results (58.3%) and 15 from the persons with PCR positive analysis (41.7%); 14 (93,3%) were from the patients with both PCR and MAT positive and one was from the person with PCR positive and MAT negative (6.7%). These results are In Table 1 clinical symptoms are described in 36 patients with leptospirosis and in Table 2 are the laboratory findings in these cases.
Results
Out
Material for laboratory examination from a minimum of 21 patients with this infection was sampled more than 24 hours after the beginning of ATB treatment (the longest interval was 18 days, range 1-18 days, for details see Table 3 ) and all PCR results were negative compared with positive specific antibodies.
Discussion
Leptospirosis is a worldwide problem, as there appears to have been a widespread increase in the number of cases of Weil's disease, the most severe form of leptospirosis, which can be fatal in many patients. A number of authorities suggest that even in the developed countries, leptospirosis is often misdiagnosed and its incidence is actually higher than what is usually assumed [1, 5] . Correct and rapid diagnosis of the infection is necessary for the prompt initiation of effective ATB treatment, and also for epidemiological reasons such as the protection of people and domestic animals that have been exposed to infection [11, 13] . PCR is undoubtedly highly sensitive and specific technique, which produces results during several hours. Our study shows the importance of obtaining biological material for DNA assay before starting ATB treatment or within 24 hours. If these criteria are not met in the preanalytic phase, PCR results may give false negative from the clinical point of view, while the acute leptospirosis is already developing in the affected organism. Leptospires are extremely sensitive to the presence of ATB; degradation proceeds rapidly and the immune system of the host removes them quickly.
In the 15 patients with only positive PCR results, biological materials were sampled before the start of ATB therapy or on the first day of the start of therapy. In our case, material for laboratory examination from a minimum of 21 patients with this infection was sampled more than 24 hours after the start of ATB treatment (the longest interval was 18 days in a range of 1-18 days, Table 3 ) and all PCR results were negative compared with positive specific antibodies. It appears that leptospirosis in its initial phase is not usually part of the schema for differential diagnosis employed by many physicians. There is a high probability of a flawed diagnosis in the early stages of the disease, therefore, it is desirable to consider the possibility of leptospirosis as a cause of infection.
Patients with possible diagnosis of leptospirosis, as described in the literature (Table 4) display symptoms of fever, accompanied by headache, joint and muscle pain, hepatal and renal lesions and respiratory problems, alongside the cognitive disorder, and bleeding and these were often present in our patient setting, too; (Table 1) . That is in accordance with findings of other studies, where fever and headache were the most frequent symptoms of leptospirosis [1, 18, 19, 20] . Nearly 60% of patients included in our study showed signs of hepatic infection. In some published work, hepatic problems were identified in less than 40% of cases; however, in the work of Covic et al. (2003) , they were diagnosed in more than 80% of cases [19] . When questioned, almost 45% of examined patients have complained of muscular pain. Katz et al. (2001) reported that in fact more than 90% of their patients suffered from myalgia [18] . We observed renal signs in 41.6% of patients. In the study by Covic et al. (2003) renal insufficiency was observed in all cases. On the other hand, Katz et al. (2001) reported only 26.3% of affected patients [18, 19] . Nausea, vomiting and diarrhoea were present in approximately half of our patients, which combined with fever would tend to lead most clinical physicians to diagnose one of the classic intestinal infections such as salmonellosis (Table 1) .
It can be seen from the results in Table 2 that in more than 80% of patients with leptospirosis, diagnostic abnormalities were identified in the varying number of leucocytes. Diagnostic markers of hepatic infection and renal damage corresponded with increased values of the hepatic transaminases ALT and AST (70% of patients for ALT, 60% for AST respectively) and increased levels of creatinine (50%).
Conclusions
We stress that the sampling of biological materials (for PCR) from patients must take place before the initiation of ATB treatment or within 24 hours of its start, in order that correct laboratory diagnosis of infection caused by pathogenic leptospires can be made. Taking into account the fact that many authorities consider the incidence of leptospirosis to be underestimated, it is essential that there is a raised awareness among clinical workers of the initial symptoms of this disease, and its possible confusion with the symptoms of fever. It is also vital to state that early identification of infection and decisions about initiation of the ATB treatment, have critical effect on the development of this disease and can significantly limit further serious complications.
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